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© Modified epoxy resins havtay acetylenically unsaturated luncttorw. f 

0 A modified epoxy resin or compound of the formula* 

J 

A — £ OCH^CHCH^O-C-CHCH 1 

1 3 «2 
OR R . 

wherein A is the backbone reside of a gfycldyl ether or ester type epoxy resin with removal of the glycfdyioxy 
groups; R 1 and ff are Independently a hydrogen atom or G1-C12 alkyl: R * is a hydrogen atom or a gfycidyl 
group; end n Is a/i Integer of greater than 1 . A method for producing the modified epoxy resin is also disclosed. 



RafiX Xonooe ("Jig, Pusfnew eflrviCBa 

PAGE 55/66 ' RCVD AT 6/15/2005 3:13:42 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/5 * DNIS:8729306 * CSID:202 293 6229 * DURATION (mm-ss):2(M6 

BEST AVAILABLE COPY 



JUN. 15. 2005 3:38PM 



H 202 293 -6229 



NO. 5679 P. 56 



EP0 4S8 298 A2 



Background of the Invention 



This invention relates to modified epoxy resins or compounds having acetyl enicaJly unsaturated 
functions. These resins or compound? may be used in a nonemanating resinous composition capable of 
s curing through different curing mechanisms appropriate to the different functional groups. 

ft has been known that certain compounds having acetyJenlcaJly unsaturated groups such as athynyl or 
propynyl group may be polymerised into a conjugated dierte polymer. Because of their unique porymertea- 
tion mechanism and the unique electrical and physical properties of their polymers, such compounds are 
attracting a great interest as a component for producing self-curable, nonemanating resinous compositions. 
70 Japanese Patent Kofee? No. I0fl2ia/8a for example, discloses a propargyl ether of cresol novolac resin as 
one of such compounds. 

The present Invention provides a novel class of epoxy-based modified resins having a plurality of 
acerylerricaUy unsaturated functions tn the molecule. 

75 Summary of the Invention 

According to one aspect of the present invention, there is provided a resin or compound having the 
formufa; 

I 

A -£ OGH CHGH H3-C-C3CH 1 

2S OR R 

wherein. A rs the backbone residue of a giycidyf ether or aster type epoxy resin or compound with removal 
of the terminal grycidyloxy groups, R 1 and H 2 are independently hydrogen atom or Ci-Cia alkyl, R 3 is a 
hydrogen atom or glycidyl group, and n Is an integer of greater than 1 . 
so According to another aspect of the present Invention, there Is provided a method for modifying a 
gryddyl ether or ester type epoxy resin or compound which comprises reacting a resin or compound having 
a plurality of terminal gfyddyioxy groups wttft an ae^tylenic alcohol of the formula; 



39 



R 1 
I 

CH = C - C - OH 

wherein R' and R 2 are as defined, to obtain a corresponding resin or compound having a plurality of 
terminal groups of the formula: 

R 1 
1 

-OCH 5 CHCH -O-C-CsCH 

1 ! 2 
OH R 1 



so 

wherein R* and R 2 are es defined. 

According to a further aspect of the present invention, there is provided a method for modifying a 
glyc/dyl ether or ester type epoxy resin or compound which comprises the steps of; 

(a) reacting a resin or compound having a plurality of terminal grycidyloxy groups wflh an acetylenic 
ss alcohol of me formula: 



2 
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H 1 
1 

GE = C - C - OH 

whsrein R 1 and R* are as defined, to oWaln a corresponding resin or compound having a plurality of 
terminal groups of 1he formula: 

V 

L 

-0CH 3 CHCH -0-C-C=Cff 
15 OH R 

wherein R 1 and R* are as defined; 

(b) reacting the product of step (a) wtth eplchlorohydrlne or 9tycefot-1.3^jichlorhydrine and then wtth an 
so alkali to obtain a corresponding resin or compound having a plurality of terminal groups of the formula; 

a 1 



25 



I 

-OCR CHCJT -0-C-C=CH 

1 '2 
O R 

I 

CH-CH-CH_ 
* \ / * 



wherein R 1 and R a are as defined. 
35 Detailed Discussion 

The resin or compound of the present invention la characterized by possessing a plurality of terminal 
groups of the formula; 

I 

-0CH 2 CffCH 2 -0-C-CsCH (I) 
°» R? 

or. 



50 
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I 

2 | \ 2 
O R 



I 

CH. CH-Cti 0 

2 \ / d 
O 
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instead of terminaj glycfdyloxy groups possessed by convention a poxy resins or compounds. 

Starling from such cortventionai epoxy resins or compounds, the overall steps for obtaining the desired 
products include the following reactions: 

s Step (a) 



R 1 
1 

70 -0-CH--CH-CH, + BO-C-CSCH 

\ / 2 I- 
0 R 

-OCH- CBCH_ -O-C-C-Cfl 

1 '2 
OH R 

20 



Typical starting materials wWch may be used herein include blsphenol type epoxy resins sucn as 
blspnenol A ©poxy res la fcrisphenoJ S epoxy resin, bisphenoi F epoxy resin and halogen-substituted 
blsphenol epoxy resin. The term "bfsphenol" as used herein Include those compounds In which two 
zs phenoJic molecules are coupled together by a bridge such as direct bond. -GHz-, -C(CHg)2- -C(GFj)*-. -O 
-CO, -S-, -SOi- and the like. Bisphenol epoxy resins are produced, as is well-known, by reacting 
big phenols with epich torch ydrine In the presence of an alkali. DlglycJdyl ethers of bisphenols are preferably 
used. 

Novoiac epoxy resin may also be used as wefl. 
so Another cfass of epoxy resins or compounds comprises dlgiycidyl ethers of glycols such as 1,4- 
butanedioi. i ,6-hexanedioi, neopentyl glycol, rrydrogenated bisphBnol A, polyethylene glycol, polypropylene 
glycol, polytetram ethylene glycol, alkylene oxJde-adducas of bisphenols and the fDce, 

A further class of epoxy resins or compounds comprises digtycidyl esters of dfcarboxylic acids such as 
oxalic acid, succinic acid, edlpic acid, r*exahydrophtnalic add, 4^nethylhcxahydroprrthaJic acid, 
as tetrahydrophthaJic acid, phthalfc acid/ isophf hallc acid, teraphthaJlc acid and the (Ike. 

Acetyfenic alcohols used in step (a) include propargyl alcohol and Its o-mono- end er,tt-di-Ct-Ci2. 
preperably Ci-C* alky I derivatives. Propargyl alcohol is preferred. 

The reaction may be carried out in the presence of a basic catalyst such as tertiary amines, quaternary 
ammonium salts or aOcali metal hydroxides either in an inert solvent or without using the sotvant An excess 
40 of acQCylenic alcohol may be used as a diluent a reaction temperature ranging between bo ' 0 and 180 ' C 
may be employed. 

The reaction product may be purified by the conventional technique such as fractionation distillation and 
used as a component of nonemanatlng resinous compositions, or they may be subjected to the steps (b) 
and {o} below to Introduce an epoxy function. 

Steps (b) and (c) 



50 
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• R 1 
I 

-O-CH_CHCfl.-0-C-C=CS + CH.-CH-CH.C1 

I I n \ / ► 

OH R O Step (b) 

R 1 
I 

— CH.CHCH- — O— C— C=CH -HC1 

' 4 '.2 * 



SE 



O H Step (c) 

I 

CH 2 -GH 2 ^CT 2 C1 



* 3 
I 

-O-CH CKCH 7 -0-C-C=CH 

O R 
I 

CH--CH-CH. 
z \ / 2 



Steps (b) and (c) may be performed otther sequentially or simultaneously. 

In me sequential process, the product of step (a) la reacted with epichiorohydrine or gJyceroM .3- 
dlchiorohydilne In the presence of a Lewis add catalyst such as boron trifiuoride or Its complex, stannic 
so chloride and the tko and than with an alkali such as sodium hydroxide, sodium carbonate .barium hydroxide 
and the like. It is preferable to use epichiorohydrine or glyceroM ,3-dJchloronydrlne In excess, for example, 
about 1.5 to times on the equivalent basis. 

In the simultaneous process, the product of step (a) Is rected with an excess of eptclorchydrtne In the 
presence of an alkali such as sodium hydroxide and a phase transfer catalyst or tertiary amine or 
3ff quaternary ammonium Oese. Typical examples of phase transfer catalyst include methylWoctylemrnonium 
chloride, metriytoidecylammcfuum chloride, tetramethylammonium chloride and tetrabutylammonljm bro- 
mide, and examples of quartemary ammonium base include benzyftrimethyiammonium hydroxide. 

An excess, for example, about 2,5 to about 10 times on the equivalent basis of epichloroihydrtne serves 
to absorb hydrogen chloride produced as a reaction by-product and is converted into glycerol-1,3- 
40 cSehlorohydrina. 

m the both processes . tha reaction may be carried out In an inart solvent such as hydrocarbon solvents, 
ethers and ketones at a temperature from 40 * C to the boiling point of the solvent used. 

After removing the solvent, the reaction product may be purified by the conventional technique although 
crude products containing a small amount of by-products such as chiorohydrlne ethers produced In step (b) 
45 or hydrotysate of the product of step (c) may be tolerated. 

The resins or compounds thus prepared may be polymerized with a metallic catalyst or inrtiator. or by 
Irradiating with actinic radiations such as UV radiation, gamma radiation or electron beam radiation. They 
are, therefore, useful as stock materials of resins used in paints, electric and electronic components, 
structural materials and nonlinear optical materials where nonemanatlng cure is desired In the finished 
so products. 

The invention is illustrated by the following examples wherein all parts and percents are by weight 
unless otherwise specified. 

Example 1 



A flask equipped with a stirrer, thermometer, nitrogen gas tube and reflux condenser was charged with 
475 g of a blsphenol A epoxy resin having an epoxy equivalent of 170. 280 g of propargyl alcohol and 3.075 
g of tBtrabutylammonljm chloride. The mixture was allowed to react by heating at 120 C until the epoxy 
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equivalent moasurod by the HCI-dioxane titration method was greater than 15,000. After the reaction, the 
product was evaporated in vacua to remove un re acted propargyl alcohol and then poured in 3 liter of 
methanol with stirring. After standing at room temperature methanol was removed to give a viscous resin 
having a number average molecular weight as determined by the GPC method of 500. 
s The structure of the product was identified by the Jfl spectrum and 1 H-NMR 
IR: 3300 cm^\ 2100 cm** 1 (CH«C-); 1610 crcr\ 
1510 cm-' (Phe): mo cm- 1 (-0-)- 
'H-NMR <*, ppm): 2JS (-C-CH). 

iq Example 2 

A flask as used in Example 1 wee charged with 500 g of a btsphenol A epoxy resin having an epoxy 
equivalent of 450, 138 Q of polycapro lactone polyoJ having a number average molecular weight of 500, 3J8 
g of benzyhJImethyternlne and 180 g of xylene. The mixture was allowed to react by healing at 1 50 ' O until 
is an epoxy equivalent of 1200 was reached. 

After the above chain-extending reaction, the product was further reacted with 80 g of propargyl afcohol 
until the epoxy function disappeared. The reaction mixture was then evaporated In vacuo to remove 
unreacted prepargyi alcohol and xylene, and poured m 3 liter of methanol with stirring. After standing at 
room temperature, methanol was removed to give a viscous rosin having a number average molecJar weight 
so of 2B00 as determined by the QPC method. 

• Ift 3300 crn-\ 2100 cnr 1 (CH-O), 1110 cm" 1 (-O-). 
•H-NMR (J. ppm) : 2.5 (-C-CH). 



Example 3 

2S 

Analogous to Example 1. 47S g of 1 ,4-dlgJycldy toxybutane was reacted with 528 g of propargyl alcohol 
to give l»4^s(3-proparp^C9cy^ydraxypropyl) oxybutane. 
1R: 3300 cm~\ 2100 cm"' (CH*f». 
'H-NMR (s. ppm) : 2.5 (-C-CH). 

30 

Example 4 

Analogous to example 1, 475 g of a ctosoI novolac epoxy resin having an epoxy equivalent of 220 {Toto 
, Kasel K.IC YDCN-704) was reacted with 240 g of prepare^ alcohol. A resin having a number average 
36 molecular weight of 2500 was obtained* 

IR: 3300 cm~\ 2100 cm- (CH-C-). 1110 cm" 1 (-0-). 
IH-NMR (a, pom) : 2.6 (-OCH). 



Example 5 

4Q 

Analogous to Example 1, 475 g of a bisphenof A epoxy resin having an epoxy equivalent of 450 was 
reacted with 180 g of 2-m ethyKHb uty n e-2ol to give a resin having a number average molecular weight of 
1200. 

IR: 3300 cm-\ 2100 enr* (CH=C-)» 1110 cmr* 
46 'H-NMR (*, ppm) : 2^ (-OCH). 



Example 8 

g,a-ais[4H3-p^opam^xy-2^lycldyloxypropy|o^ 

50 

A flask equipped with a stirrer, thermometer, nitrogen gas tube and reflux condenser was charged with 
170.0 g of bis(4^lycidyloxyphenyl)propane, 224.0 g of propargyl alcohd and 1.0 g of benzyldimethylamine. 
The mixture was allowed to react by healing at T15 *C until no epoxide function was detected by the HCi- 
dloxane titration method. After the reaction, unreacted propargyl alcohol was removed from the reaction 
ss mixture by evaporation En vacuo, 

To the mixture were added 740.0 q of epicWorohydrine and 4.0 g of tetramethylammonjurn chloride- To 
the mixture heated at 50 " C. B6.0 g of 50 % aqueous solution of sodium hydroxide was added drepwise 
over 2 hours. Then reaction was continued for additional 4 hours while removing water as an azootrcprc 
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mixture wftii eplchlorahydrine in vacuo. After removing excessive epiciilorohydrine, the reaction product was 
treated with toluena-wster mixture to extract sodium chloride by-product rn water and trie toluene fraction 
was evaporated in vacuo to remove the solvent The title compound having an epoxy equivalent of 290 (283 
In theory) was obtained in a yield of 90.0 % of theory. 
5 IR (cm-1) : 

CHa<X3SOO, 2100) 
CH<H2900) 
-PIH1S0O, 1500) 



CH -CH-(900) 
V / 
O 



is H-NMR Cppm) : 
CHH1.62) 
CTT-C-<2.44) 



ao O 

/ \ 

CH 2 -Cfl-(2 . 6-2- 8) 
O 

25 / \ 

CH--CH-(3,20) 



W>OV(4.1S) 

ao pn-H(e-eo-7ja) 

Example 7 

Bisf4-(^pmpa{^toxy^2^|ycldyk^ 

A -flask aa used in Example 6 was charged wfth 155,0 g at bls(4-giycKJytoxyphenyJ)methane. 224,0 9 of 
propargyl alcohol and 1.0 g of tstramethylammonium chloride. The mixture was allowed to react by beating 
at 11S " C until no epoxide function was detected -by the HCI-droxane titration metfiod. After the reaction, 
unre acted propargyl alcohol was removed from the reaction mixture by evaporation In vacuo. 

To the mixture was added 0.5 g of boron trifluartde-dtethyl ether complex arid frie temperature raided to 
BO * C. To this was added dropwise 103.O g of epcnlomhydrine and the reaction was continued until the 
epoxide function dlsappeard. Then 16O.0 g of 50 % aqueous solution of sodium hydroxfde was added to the 
cooJed reaction mixture and allowed to react for additional 6 hours at 30 "c. After the reaction, excessive 
sodium hydroxide was neutralized end the product was washed with detonized water repeatedly to remvoe 
sodium chloride by-product The title compound having an epoxy equivalent of 280 was obtained in a yield 
of 80.0 % of theory. 
IR (cm- 1 ) : 
CH-CK3300. 2100) 

-Ph-peoo, 1510) 



CH--CH-{910) 

\ 2 / 
O 



H-NMR (ppm) : 
CH-<X2.46*) 



40 



45 
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V 2 / 



\ 2 7 

0 



Ph-H(6\8l-7.15) 
Example 6 

T3 BJsr4^3-propargyloxy-2^jyddylaxypfopyloxy)-phenyI>uffOTg 

A flask as used in Beam pie 6 was charged with 180.0 g of bte(4^/yddyloxyphcnyf)suMbne l 224.0 g of 
propargyi alcohol and 1 .0 g of tetraitiethylammonium chloride. Tne mixture was allowed to react by heating 
at 115 " C until no epoxide function was detected by the HCI-dkwane titration method. After the reaction 
zo unreacted propargyi alcohol was removed from the reaction mixture by evaporation fri vacuo. 

To the mixture were added 40.0 g of epIchJorohydrine and 4.0 g of tetmmothylammonium chforMa. To 
the mixture heated at 50 * C, 80-0 g of 50 % aqueous solution of sodium hydroxide was added dropwfse 
over a hours. Then reaction was continued for additional 4 hours white removing water as an azeotropic 
mixture wfth eptchJorohydrine In vacuo. After removing excessive epichforohydrine. the reaction product was 
2s treated wfth toluene-water mixture to extract sodium chloride by-product In water and the toluene traction 
was evaporated in vacuo to remove the sorvertt 

The title compound having an 8 poxy equivalent of 300 was obtained In a yield of 92.0 % of theory. 
IR (cm^ 1 ) : 
CHi»CH-(3300. 2100) 



CH.-CH-<900) 

\ Z / 
O 



B-NrVlFl (ppm> 
CH«ChU<2.44) 



40 GH--CH-f2-6~2.fi] 

/ 

o 

CH.-CH-(3.20) 
\ 2 7 
0 

Ph-H(6\80-7.14) 

so Analogous to Example 6. the foffowing compounds were produced. 
Example 9 

4/4 , -Bls(3^opargyloxy^2^lycidyioxypropylcxy)^enzophenone 

SB 

Epoxy equivalent : 278 
Yield : 92.4 % 
IK {cm- 1 ) : 



G 
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CH-C-(3300. 2100) 
-Ph-(1600. 1500) 



CH,-CH-(910) 

V / 
O 



K-MMfl (ppm) : 
?o CH»0<2.45) 



V 2 / 



Ph-H(8.8-7^) 
Exampte 10 

20 

4 t 4'^te(3^ropar^tQxy-2^lyddytox^^ 

£poxy equivalent ; 268 
Yield : BS.5 % 
20. IR(cm-»): 

Crt=.C-{3300. 2100) 
-PJH1600. 1S00) 



CH -CH~(900) 
O 



H-NMR (ppm) : 
as CH=C-<2.45) 

CH_-CH-(2.6-2.8) 

\ 2 / 
0 

Pb-H(6.6-7.e) 
Example 11 

45 

2,2-Bls(4~(3^ropai^loxy*2-Qlycicfyltt 

Epoxy equivalent : 312 
Yield : 8B.3 % 
so IR (cm-1) : 

CH-C-.(33O0, 2100) 
-Pn-(1600, 1500) 

CH.-CH^(900) 
* \ Z / 

o 
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H-NMR (ppm) : 
-C Ha (1.70) 
Q&G-(Z44) 



CH,~CH-(2.6-2.9) 

\ / 
0 



to Ph-H(B^-7^) 
Example 12 

1 ,4^s(3^ropargyloxy-2^yridyl^ 

16 

Bpaxy equivalent : 165 
Yield : 772 % 
CH-CK3300. 2100) 

-CHi-(2850) 

20 

CH 0 -CH-(900) 

\* / 
0 



H-NMR (ppm) : 
-CHK1.82) 

CH,-CH-<2.6-2.B) 

. \ 2 / 
0 



35 

Example 13 

1 ) $-Bl5(3hpi'Qpgrgy(oxy-2-g!ycl(iy bxypropy loxy )-hpxana 

40 Epoxy equivalent ; 188 
Yield : 80.0 % 
IR (cm* 1 ) : 
0^^3300,2100) 
-CH 2 -(2850) 



\ Z / 
O 



H-NMR (ppm) 

-CH2-<1-e2) 

Pb-H{6,&-7.8) 

55 Example 14 

2^Bis[4-(^prapargyk^-2^lyridyloxypmpy^ 
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Epoxy equivalent : 450 
Yield : 8ai % 
IR (cm" 1 ) : 
CH-<X3SOO,2100) 

5 



to 

H-NMR (ppm) : 
CH»C-<2.44) 



CH_-CH-(910) 
\ Z / 



ft T 2 7 



Ph-H(8.6-7.fl) 
Example 15 

2 l 2-Bb[4-(3^ropargyloxy-2^lyddy)OKypropylQxy)-phe^yJ3-1 ,1 .1 ^,3,3-haxafluorQpropane 

- 

2G Epoxy equivalent : 345 
Yield: 91.0% 
W (cm-1): 
CK-CXSSOO, 2100) 
-PH-{ieOO, 1500) 

30 

CH 2 -CH-{910) 



$s 



H-NMR (ppm) : 
CH=C-(2.44) 



CH.-CH-(2.5-2-a) 



48 Ph-H(&e-7.8) 
Claims 

1 , A compound of the formula: 

i 

A H: OCH.CHCH -O-C-CsCH J n 
«6 OR R * 

wherein. A is the backbone residue of a glycidyl ether or ester type epoxy resin with removal of the 

11 
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terminal glycidyloxy groups; R' and R* are indapenderrtly a hydrogen atom or C1-C12 alky I; FP is a 
hydrogen atom or gfycidyl group; and n is an integer of greater than 1 . 

2. The compound as claimed tn Claim 1. wherein R 3 is a hydrogen atom, and wherein R 1 and R 3 are 
$ independently a hydrogen atom or Ci-C» a&yt. 

3. The compound as claimed In claim 1. wherein R 3 Is a glycldyi group, and wherein R 1 and FF are 
independently a hydrogen atom or Ci-C* alky I. 

to 4. The compound as claimed in claim 2 or 3. wherein said residue A ie derived from a bisphencl epoxy 
resin, a novoiac epoxy resin, a glycokSgtycldyJ ether epoxy resin, or a dlcarboxyfic acld-digrycfdyi 
©star opoxy resin. 

6. A method of modifying an epoxy resin having a plurality of terminal glyctdytoxy groups which 
75 comprises reacting said epoxy resin with an acetylenfc alcohol of the formula: 



K 1 

I 

CH = C - C - OH 




ps wherein R 1 and H* are independently a hydrogen atom or Ci*da alkyL 

6L The method as Claimed in Claim 5, wherein the reaction is carried out in the presence of a basic 
cataryst 

30 7. A method of modifying an epoxy resin having a plurality of terminal glycldyloxy groups which 
comprises the steps of; 

(a) reacting said epoxy resJn with an acetylenic ateohol of the formula: 

r 




wherein R 1 and R 3 ere Independently a hydrogen atom or C1 -C12 alkyt; 

(b) reacting the product of step (a) with epJchlorohydrine or glyceroM 3-dlchtomhydrine; and 

(c> reacting me product of step (b) wfth an alkali. 

4S 

a. The method as claimed in Claim 7. wherein said step (b) is canted out (n the presence of a Lewis acid 
catalyst followed by said step (c). 

9. The method as claimed In claim 7 or 8, wherein said step (b) and said step (c> are carried out 
50 simultaneously using an excess of epJchlorohydrine in the presence of a phase transfer catalyst, a 

tertiary amine or a quaternary ammonium hydroxide together with said alkali, 

10. The method as claimed in anyone of Claims 5 to 9, wherein FV and R? are independently a hydrogen 
atom or C1-C4 alkyl. 

55 

11* The method as claimed in anyone of Claims 5 to 10 wherein said epoxy resin is a bisphenol epoxy 
resin, a glycol-dlglycldyl ether epoxy resin, a dlcarboxyllc ecid-diglycidyl ester epoxy ra3in, or a 
novoiac epoxy resin. 

12 
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